We investigated the effects of information structuring and its potential interaction with preexisting medical knowledge on recall in a simulated discharge communication. Methods: 127 proxy-patients (i.e. students) were randomly assigned to one of four conditions. Video vignettes provided identical information, differing in means of information structuring only: The natural conversation (NC) condition was not explicitly structured whereas the structure (S) condition presented information organised by chapter headings. The book metaphor (BM) and the post organizer (PO) conditions also presented structured information but in addition included a synopsis, either at the beginning or at the end of discharge communication, respectively. Proxy-patients' recall, perception of quality and pre-existing medical knowledge were assessed. Results: Information structuring (conditions: S, BM, PO) did not increase recall in comparison to NC, but pre-existing medical knowledge improved recall (p < .01). An interaction between medical knowledge and recall in the BM condition was found (p = .02). In comparison to the NC, proxy-patients in all information structuring conditions more strongly recommended the physician (p < .001). Conclusions: Structured discharge communication complemented by the BM is beneficial in individuals with lower pre-existing medical knowledge. Practice implications: The lower pre-existing medical knowledge, the more recipients will profit from information structuring with the BM.
Introduction
Discharge from the emergency department is a crucial event often accompanied by stress and vulnerability. Patients' understanding of key aspects of post-discharge care is generally described as poor [1, 2] yet strategies for fostering the transition are still little understood [3] , with some authors advocating a 'resuscitation of physician-patient communication' [4] . For instance, recent evidence suggests no benefit of electronic tools in discharge communication on readmission rates, adverse events, or mortality [5, 6] . Patients who cannot recall or comprehend discharge plans are vulnerable to risks of medical error, adverse events or failure to seek further help from healthcare providers [7] . Consequently, the ability to recall information provided during discharge is an indispensable condition for patients' informed decisions and well-being. Unfortunately, research suggests that patients' recall and comprehension is severely limited and can negatively impact their health-related choices [8, 9] . As a result of ever increasing time constraints, patient-centred communication is severely under pressure. Scientific advances have accelerated diagnostic pathways and rendered possible 'fast-track' emergency care, such as the rapid exclusion of myocardial infarction [10] . Therefore, an expeditious diagnostic process needs to be matched by timely and efficient discharge communication.
Oral information structuring has been shown to be a powerful tool for boosting memory and recall in educational settings [11] , and pre-existing knowledge structures have been demonstrated to foster the processing and future recall of new information in standard memory experiments [12] . Less is known about the role of information structuring and pre-existing knowledge in the medical domain and, specifically, in the context of discharge communication. Information structuring has been found to boost recall in simulated emergency discharge communications [13] . An early landmark study suggested providing patients with an initial and brief synopsis prior to the provision of the full set of detailed information [14] . Analogous to the table of contents of a book -we refer to this method as the 'book metaphor' (BM) [13, 15] -recall of medical information may be improved. The BM can be thought of as a specific implementation of an 'advance organizer' (AO) successfully used in educational contexts. Similarly, 'post organizers' (PO), synopses provided at the final stage of the process of information provision, may also foster patients' recall performance [16, 17] . Crucially, there is some indication that patients with lower health literacy [18] may especially benefit from information structuring [15] , because such a 'structure' provides a scheme that helps to represent and store information. Individuals with higher health literacy are, at least partially, in possession of such a scheme that might help to encode and retrieve information. So far, few studies have considered the possibility that information structuring can facilitate the process of conveying information to individuals with different levels of health literacy.
Therefore, we examined the impact of information structuring in the context of discharge communication and its potential interaction with pre-existing medical knowledge. Our first objective was to assess the effect of information structuring on recall performance as well as any potential interaction with individuals' pre-existing medical knowledge. In addition, we tested for a possible trade-off between recall and proxy-patients' perceptions of quality. Such a trade-off could mean that any benefits of structured communication come at the expense of lower satisfaction with the physician relative to a less structured but more natural conversation style.
Methods

Participants
A convenience sample of students were recruited as proxypatients via an online platform of the Department of Psychology, University of Basel, Switzerland. The study description spelled out inclusion criteria: less than 30 years of age, no hearing impairment, and native German speaker. Students were reimbursed for their participation in terms of credit points or 7.50 Swiss Francs. The study was approved by the institutional review board of the Department of Psychology (015-16-1).
Study material
We designed four highly standardised video clips featuring a discharge communication in the emergency department (ED) to individuals with varying degrees of pre-existing medical knowledge. The three information-structuring videos simulated a discharge event involving the use of an AO, a PO, and structured communication without an AO or a PO (S). These conditions were then compared to an unstructured communication event emulating a physician's natural conversational style (NC) (Fig. 1 ). The four video clips depicted an ED physician, recorded from a first person's view. The physician was oriented toward an imaginary patient (the viewer). The patient had presented with chest pain to the ED and was to be discharged after a myocardial infarction could be ruled out. Further work-up was warranted. The study material (i.e., video vignettes) is available online at the following Open Science Framework workspace: osf.io/w5bpa.
In the NC condition, the same information as in the other conditions was presented but without any explicit structure. Segments were presented in a natural order, as judged by emergency physicians practising such routines on a daily basis. In the S condition, the same segments were presented but now in the following well-defined order with additional chapter headings according to the mnemonic acronym InFARcT: Information on diagnosis (In), Follow-up suggestions (F), Advice on self-care (A), Red flags (R), and complete Treatment (cT) [19] . In the BM condition, an AO preceded the same sequence of segments: 'We will now talk about the following five topics . . . '. In the PO condition, the sequence of segments was concluded with a PO: 'We have just talked about the following five topics . . . '.
All videos featured an emergency physician who presented the identical set of 42 items of information (see Appendix A). The videos employed the same footage and differed only by means of information structuring (i.e., order of the information, chapter headings, and the organizer). Each of the different video segments consisted of one to six items of information. The individual segments were interrupted by black screens of 0.8 s duration in order to permit the organisation of the segments in the defined orders. The duration of the video clips was 3:52 min (NC condition), 4:23 min (S condition) and 4:46 min (BM condition and PO condition). The differences in duration can be fully explained by the means of information structuring. The additional provision of chapter headings took 31 s and the provision of a synopsis took 24 s. Although there was a time difference of up to 55 s between conditions, the additional elements of information structuring did not contain any additional factual information.
To assess participants pre-existing medical knowledge, a multiple-choice test was used. It consisted of twelve questions Fig. 1 . A schematic overview of the four conditions. The natural conversation condition did not include any means of information structuring. The structure condition already structured the information according to the InFARcT scheme of Ackermann and colleagues and used 'chapter headings'. The book metaphor and post organizer conditions additionally included a table of content, once given in the beginning (AO) and once at the end of the discharge video (PO), respectively. The grey bars represent the provision of a chapter heading.
of which each had four answer options, of which only one was correct (see Appendix A). The test was validated in a preliminary study, using undergraduate year 1 psychology students and undergraduate year 1 and year 3 medical students. We chose this sample, assuming that psychology students have the lowest preexisting medical knowledge, followed by medical students in their first year and medical students in their third year. To examine the validity of the test, undergraduate year 1 psychology students (P1), undergraduate year 1 medical students (M1) and year 3 medical students (M3) were recruited. Each group consisted of 30 participants. P1's mean age was 21.4 years (SD = 1.7), while M1's and M3's mean age was 20.7 years (SD = 2.1) and 22.2 years (SD = 1.7), respectively. 83.3% of the P1 group and 66.7% of both medical student groups (i.e., M1 and M3) were women. The test showed a mean inter-item-correlation of .1 and a Cronbach's α of .7. Computing a logistic regression, with number of items correct as the dependent and group as the independent variable, the test succeeded in distinguishing between the three student groups (p < .001).
Study protocol
In order to standardize the study (e.g. setting and procedure), proxy-patients were given an appointment for their participation at the laboratory of the psychology department of the University of Basel, Switzerland. Before the study began, proxy-patients gave their informed consent. After signing informed consent, they were randomly assigned to one of the four conditions. They were instructed to adopt a patient's perspective and to evaluate the discharge communication depicted in the video. After the presentation of the discharge video, individually on computer screens, proxy-patients rated the quality of discharge communication on four dimensions, using visual analogue scales (VAS). Each VAS ranged from 0 to 10 and the dimensions were (1) how easy to understand was the communication?, (2) how structured was the communication?, (3) how informative was the communication?, and (4) how strongly would you recommend the physician to family and friends?. After their evaluation of the quality of discharge communication, proxy-patients were asked to write down all the information that they could remember from discharge. The minimum recall period was a time-slot of 5 min. No proxy-patient extended the recall period beyond these 5 min. Furthermore, a questionnaire probed proxy-patients' pre-existing medical knowledge (see Appendix A). Finally, demographic data (i.e., age, sex, and occupation) and control variables (i.e., native language and comments to the researcher) were recorded.
Transcript coding
The occurrence of an element from the 42 items of information was coded by comparing proxy-patients' entries into their memory protocol with the information given (see Appendix A). We examined intercoder reliability between two raters, using a subset of 40 proxy-patients. Intercoder reliability refers to the extent to which two independent coders agree on the coding of items in question, assuming the same coding scheme [20] . The intraclass correlation (ICC) for the total amount of items recalled was very high (ICC = 0.95).
Statistical analyses
All analyses were performed using the software R (Version 3.4.1). We calculated Pearson correlation coefficients between the number of items recalled and the medical knowledge score to quantify the degree of association between these two variables. Additionally, a multiple regression analysis with number of items recalled as the dependent variable, and degree of pre-existing medical knowledge and the factor condition as independent variables was calculated. The NC condition was taken as the comparison condition. Pre-existing medical knowledge and condition were entered as an interaction into the model. Preexisting medical knowledge was centered to the mean knowledge of proxy-patients in order to make the estimates easier to interpret. Finally, we computed linear regressions for all four measurements of proxy-patients' subjective ratings of quality, with condition as independent variable. A p-value of p<.05 was considered statistically significant. The data analysis script, data, and the coding scheme are available online at the following Open Science Framework workspace: osf.io/w5bpa.
Results
Participants
A total of 133 proxy-patients were recruited of which 127 were used for data analysis. We excluded five proxy-patients for the following reasons: software failure during data collection (n = 2); medical diploma (n = 2) and hearing impairment (n = 1). Additionally, one proxy-patient was excluded due to a very strong preference for alternative medicine, prompting exceedingly low ratings in quality (n = 1). This proxy-patient approached the experimenter after participation and stated that the ratings of quality only reflect her preference for alternative medicine, and not the actual satisfaction with the physician or the discharge communication. Proxy-patients' age ranged from 18 to 29 years with a mean age of 21.6 years (SD = 2.6); 82.7% were female and 85% were undergraduate psychology students.
Primary outcome: information recall and pre-existing medical knowledge
In line with the findings from Ackermann et al. [15] , a Pearson correlation analysis indicated a significant positive association between pre-existing medical knowledge and recall across all conditions (r(125) = .28, p = .002). Analysing the correlation separately for the four different conditions, however, we found significant associations between recall and pre-existing medical knowledge in the NC and the S conditions but not in the PO and BM conditions (see Table 1 ). As can be seen in Fig. 2 , prior medical knowledge is positively associated with information recall in most conditions, with the smallest correlation in the BM condition (r(30) =À.04, p = .85).
We conducted a multiple regression analysis (see Section 2.5) to test for the role of information structuring in improving recall relative to a natural conversation style and to find out whether benefits of information structuring are associated with individuals' pre-existing medical knowledge (see Table 2 ). We found that no condition was significantly related to increased recall relative to the NC condition; however, we observed a significant interaction between pre-existing medical knowledge and information recall in the BM condition, suggesting that the relation between medical knowledge and information recall was different in the BM relative to the remaining conditions.
Secondary outcome: ratings of quality
Linear regressions were used to examine the relationship between proxy-patients' ratings of quality and communication condition. Confirming the validity of our experimental conditions, proxy-patients' rated discharge communication as more structured in the three structured conditions relative to the NC condition (F(3,123) = 18.62, p<.001): S condition (p<.001), BM condition (p<.001) and PO condition (p<.001). Additionally, proxypatients more strongly recommended the physician to family and friends in all three structured conditions relative to the NC condition (F(3,123) = 6.43, p<.001): S condition (p<.001), BM condition (p<.001) and PO condition (p<.001). In contrast, there was no significant difference on the dimensions of comprehensibility (F(3,123) = 1.15, p = .33), and informativeness (F(3,123)=1.43, p = .24) between conditions. Mean ratings and SD by condition can be found in Table 3 .
Discussion and conclusion
Discussion
Effective discharge communication is crucial to ensure the successful transition from hospital to ambulatory care, yet past research suggests that comprehension and recall of such information is poor [21] [22] [23] . We aimed to foster recall of discharge communication by examining the combination of information structuring and the use of advance organizers or post organizers; that is, synopses previewing or retrospectively summarising information. More specifically, we studied how such communication methods can improve recall performance in individuals with varying degree of pre-existing medical knowledge.
Our study found some support for the advantage of information structuring for information recall and patients' subjective ratings of comprehension. Importantly, the results suggest that information structuring, particularly with the book metaphor, has a beneficial role and can be a powerful tool to eliminate the disadvantage of low pre-existing medical knowledge in recall of new information. Our results thus may represent a first small step towards designing effective communication strategies that can help patients with diverse backgrounds and contribute to mitigating health inequalities.
The mnemonic benefits of information structuring, relative to a natural conversation style is not new [11, 13] . However, past work Note. In the regression analysis pre-existing medical knowledge was centred to the mean knowledge of proxy-patients. This measure was taken to make the estimates easier to interpret. Our analysis shows an R 2 of 0.16 and an adjusted R 2 of 0.11. * p<.05. ** p<.01. *** p < .001. Note. Proxy-patients rated the quality of discharge communication on a VAS from 0 to 10. Mean and SD for all four subjective ratings of quality were clustered by condition. Significant differences between the natural conversation condition and the structure conditions (conditions: S, BM, and PO) were found for structuredness and recommendation. No significant differences were found for comprehensibility and informativeness.
has not evaluated the independent contributions of structure and the organising synopsis of an AO vs PO [13] . In the present study, these elements were analysed separately, we thus were able to evaluate whether certain elements of explicit information structuring are especially helpful to either improve recall or to mitigate the influence of pre-existing medical knowledge on recall.
Our results suggest that an AO ("In the following I will talk about five different aspects: first . . . . . . ") may be particularly helpful for individuals with little prior medical knowledge whereas such an effect could not be demonstrated with a résumé at the end of providing information ("I have been talking about five different aspects: first . . . ."). Importantly, these mnemonic benefits of structure do not need to be traded against other important quality dimensions of patient-physician communication: to the contrary, proxy-patients were more likely to recommend the physician to family and friends if discharge communication was explicitly structured.
One of our limitations is that we used video-taped rather than face to face interactions; therefore, we cannot be sure whether in real life we would have found similar results. However, we wanted to ensure strict standardisation of the content of discharge information. In a natural setting and given a sensitive patientcentred professional, patients have a chance to contribute to the speed of delivery of information by non-verbal cues like nodding, gaze direction, etc. or by verbal input, e.g. by asking questions. Although such adaptive and finely tuned communication strategies are, in principle, possible, the ample evidence for poor discharge communication suggests that in reality they are not widely used.
Admittedly, the knowledge about signs, symptoms, and risk factors of myocardial infarction (as tested here) represents only a small slice of health literacy [18] . Yet, we found a clear relationship between pre-existing medical knowledge and recall performance, most pronounced in the NC condition, and almost eliminated in the book metaphor condition. In order to fully appreciate this link, it is important to note that it is likely that general health literacy is above average in the present sample of university students relative to the population of emergency department patients. In other words, our study may, if anything, underestimate the link between recall performance and pre-existing medical knowledge. The book metaphor appears to mitigate or even eliminate this link. This is obviously important for the average emergency patient, who is expected to retain dozens of often new pieces of information when being discharged [24] . Past studies have shown that standardised [25] or simplified [26] discharge information may increase comprehension and recall. Yet, the crucial link between health literacy and memory performance has previously received little attention [15] .
A further limitation is that university students are not representative for the typical patient presenting to an ED with symptoms of chest pain: Using students as proxy-patients came with a gender imbalance in favour of women. Besides, patients are likely to be older and less educated and certainly less used to memorising new information. Note, however, that our results do not seem to be the product of ceiling effects; there was still a large variance of the percentage of items recalled: Only 37% of the students remembered more than half of the items provided, the best performing students recalled around 80% of all items. Regardless, the students' age [27, 28] and routine of memorising information is an advantage. In addition, students did not suffer from the potentially high levels of stress or anxiety emergency patients experience at work-up and discharge [29] . Taken together, one may therefore expect that our results overestimate the recall performance of patients in emergency care and, by extension, perhaps underestimate the benefit of a structured discharge communication using an AO.
Conclusion
Structuring of discharge information and the use of the book metaphor appears to be a relatively simple and cost-effective method of compensating for the heterogeneity in pre-existing medical knowledge. This is a relevant advantage because the patients' ability to remember discharge information is linked to pre-existing medical knowledge. Before these findings are implemented into student education and physician training, however, the data presented in a student population need to be replicated in a prospective randomised study with patients discharged from the ED.
Practise implications
In daily practise, it is difficult to assess pre-existing medical knowledge. Therefore, the usefulness of a communication tool should be independent of the patients' medical knowledge. Our data supports the use of the book metaphor due to the fact that especially in limited pre-existing knowledge recall of information can be improved.
For teaching purposes, we coined the term 'book metaphor' instead of advance organizer because it readily elicits a conception of the explicit structure featuring a table of content, chapter headings, and textanalogous to the structure of a textbook.
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A.1 Assessment of pre-existing medical knowledge
The following 12 multiple choice questions were used to assess participants' pre-existing medical knowledge. Participants were instructed to choose only one answer option. The correct answers are indicated in bold. Patient was told that treatment needs to start immediately Patient was given a prescription The prescription was for medication The prescripiton listed 3 different medications Name of the new medication was given: Aspirin Dose of Aspirin: 100 mg Mode of intake of Aspirin: in the morning Name of the new medication was given: Beloc Dose of Beloc: 100 mg Mode of intake of Beloc: in the morning Name of the new medication was given: Nitroglycerine Dose of nitroglycerine: 1-2 pumps When to take nitroglycerine: acute complaints When to take nitroglycerine: chest pain Patient was told that nitroglycerine will help within 2 to 3 minutes Physician wished the patient all the best
